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57 ABSTRACT 
An asphalt storage and dispensing system wherein as 
phaltic mix which includes aggregate of varying parti 
cle sizes is dropped in a vertical direction to a cylindri 
cal storage bin so that the larger aggregate particles 
gravitate outwardly toward the bin walls and come to 
rest in a circular pattern in the bin and the finer aggre 
gate particles are concentrated near the upright cen 
terline of the cylindrical bin. The mix is moved in a 
mass flow in a downward direction through the cylin 
drical bin to a conical hopper, and is then moved with 
a mixing flow downwardly through the conical hopper 
in a range of angles generally between 65° and 90° 
from the horizontal so that the larger aggregate parti 
cles are remixed with the smaller aggregate particles, 
and the mix is dispensed from the lower end of the 
hopper through a rectangular outlet. As it receives the 
mix from the hopper, the receiving vehicle is moved 
beneath the hopper in a direction normal to the long 
dimension of the rectangular outlet of the hopper to 
prevent segregation of particle sizes in the vehicle. 

4 Claims, 8 Drawing Figures 
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MASS FLOW ASPHALT STORAGE AND 
DISPENSING SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of applica 

tion Ser. No. 42,382, filed June 1, 1970. 
BACKGROUND OF THE INVENTION 

When an asphalt mix which includes a bituminous 
liquid and rock aggregates of varying size is formed and 
delivered to a storage bin for temporary storage and ul 
timate dispensing to a vehicle for transportation to a 
construction site, it is difficult to maintain the larger 
and smaller aggregate particles uniformly mixed to 
gether in the storage bin, and when the mix is dispensed 
from the storage bin it is also difficult to dispense the 
mix from the chamber to the vehicle in a uniform blend 
of small and large aggregate particles, which is approxi 
mately how the mix was delivered to the storage bin. In 
a typical storage structure, the asphalt mix is delivered 
to the top of a cylindrical bin by means of a drag chain 
conveyor or bucket conveyor. When the mix is 
dropped into the storage bin there is usually some lat 
eral movement or trajectory of the mix as it falls to the 
mass of mix in the bin. The larger particles of the mix 
tend to travel further than the smaller particles during 
the drop so that the mix tends to land and settle in the 
cylindrical chamber with the larger particles positioned 
on one side of the chamber and the smaller particles 
positioned generally on the opposite side. As the mass 
of mix in the storage chamber increases, it usually 
forms a peak or apex at the position where the mix first 
lands in the chamber, and the incline of the apex causes 
the larger aggregate particles in the mix to tumble and 
roll down the incline of the mix toward the walls of the 
container, while the smaller particles tend to remain 
near the top or center of the apex. 

If the storage container is improperly loaded with the 
larger aggregate particles positioned generally on one 
side of the container, the mass flow characteristics of 
the mix within the container are inhibited since the 
flow friction of the particles varies in accordance with 
the particle sizes and the smaller particle sizes usually 
flow more freely and will be dispensed sooner than the 
coarse material. This results in a segregated delivery of 
the asphalt from the storage bin to the vehicle and from 
the vehicle to the construction site. 
Moreover, when the mix is dispensed from the stor 

age bin to a truck or other vehicle, a similar phenome 
non occurs in that the mix forms a pile of mix in the 
truck bed and the larger aggregate particles roll down 
the incline of the pile. This positions the larger particles 
at the side walls of the truck bed, and when the mix is 
removed from the truck, usually by tilting the truck bed 
to dump the mix, the larger and smaller aggregate parti 
cles are segregated from each other when the mix is de 
posited on the ground. 

SUMMARY OF THE INVENTION 
Briefly described, the present invention comprises an 

asphalt storage and dispensing system which functions 
to dispense asphalt mix substantially without any segre 
gation of the larger and smaller aggregate particles ap 
pearing in the dispensed mix as the mix leaves the stor 
age bin, and the mix is delivered to the truck bed in a 
manner that inhibits segregation of the aggregate parti 
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cles in the truck bed. The mix is initially delivered from 
a pug mill or the like in a generally vertical direction to 
the centerline of an upright conical storage bin so that 
after a mass or pile of mix is accumulated in the bin and 
an apex of mix is formed, the larger aggregate particles 
of the mix will tend to gravitate or roll down the incline 
of the pile and come to rest in a circular arrangement 
adjacent the wall of the storage bin. When the mix is 
dispensed from the storage chamber the mix is moved 
in a mass flow arrangement in a downward direction 
through the cylindrical portion of the storage bin until 
it reaches the conical hopper beneath the storage bin, 
and the larger particles of the mix from the outer circle 
of mix are blended with the smaller particles as the mix 
moves downwardly, through the conical hopper. The 
conical hopper is formed with a side wall structure 
which is inclined at an angle of at least 65° from the 
horizontal and the mix flowing through the conical 
hopper is forced to move downwardly and inwardly 
toward the centerline of the hopper within a range of 
angles between 65 and 90° from the horizontal, which 
forces the blending together of the mix from the vari 
ous areas of the hopper and prevents a plug flow pat 
tern from being created. - 
The outlet opening at the bottom of the conical hop 

per is rectangular and the truck below the conical hop 
per is positioned with its longitudinal centerline extend 
ing normal to the long dimension of the rectangular 
outlet opening, and the truck is moved forwardly be 
neath the conical hopper as the mix is dispensed to the 
truck. This inhibits particle separation in the truck bed. 

Thus, it is an object of this invention to provide an as 
phalt storage and dispensing system which functions to 
deliver a mix having uniformly distributed aggregate 
particles which vary in size from a storage bin to a truck 
bed. . 

Another object of this invention is to provide a stor 
age and dispensing system which is capable of storing . . 
and dispensing an asphalt mix having a large variance 
in aggregate particle sizes, including aggregate parti 
cles up to and exceeding two inches in diameter, gener 
ally without causing segregation of the larger and 
smaller aggregate particles. 

5 Other objects, features and advantages of the present 
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invention will become apparent upon reading the fol 
lowing specification, when taken into conjunction with 
the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a schematic side elevational view with parts 

shown in cross section of the asphalt storage and dis 
pensing system. 
FIG. 2 is a schematic side elevational view of the as 

phalt storage and dispensing system, similar to FIG. 1 
but with the system turned 90°. 
FIG. 3 is a schematic top view of a storage bin and 

truck positioned beneath the storage bin. 
FIGS. 4-6 are progressive schematic illustrations of 

the manner in which a truck is filled with aggregate. 
FIGS. 7 and 8 are schematic side elevational views, 

similar to FIG. 1, but showing the prior art. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
Referring now in more detail to the drawing, in which 

like numerals indicate like parts throughout the several 



3 
views, FIG. 7 illustrates the prior art wherein the stor 
age container 10, which comprises a cylindrical bin 11 
and a conical hopper 12, receives asphalt mix from a 
drag chain conveyor 14. As the mix is delivered to the 
storage container, the momentum of the mix as it falls 
from the conveyor causes the larger particles 15 of the 
mix to be thrown further in the direction of movement 
of the mix than the smaller particles 16. As the mix 
drops into the bin 11, the mass of mix tends to form a 
conical pile of mix with sloping sides and an apex 18 
and the larger particles 15 falling from conveyor 14 
tend to roll and tumble down the incline of the pile 
toward the far end of the bin from the conveyor while 
the smaller particles tend to stay near the center of the 
mass of the mix. The result is that most of the larger ag 
gregate particles are located in one vertical quadrant of 
the bin while the remaining portion of the bin is filled 
with smaller aggregate particles. 
When the discharge chute of the hopper 12 is 

opened, the mix will be dispensed from the discharge 
chute to the waiting truck or conveyor. When mix is 
present in the storage container that includes an aggre 
gate mixture that varies widely in particle sizes, and 
when the particles are segregated as illustrated in FIG. 
7 or segregated with the larger particles located in a cir 
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cle or annulus by the bin side wall as illustrated in FIG. 
8, the typical hopper 12 having a shallow incline func 
tions to discharge the mix in a plug flow pattern and the 
conical-shaped upper surface of the mass of mix as in 
dicated by the dashed lines 20 of FIG. 8 dissipates. A 
plug flow pattern 21 in the mix extends upwardly 
through the mass of the mix from discharge chute 19. 
If the mix is distributed from a shallow bin loaded as il 
lustrated in FIG. 7 with the larger aggregate particles 
to one side of the mass of the mix, or if the mix is dis 
tributed from a shallow bin loaded as illustrated in 
FIG. 8 with the larger aggregate particles located in a 
circular arrangement adjacent the wall of the storage 
bin 11, the plug flow pattern 21 will tend to dispense 
primarily only the smaller aggregate particles 6 from 
the mass of the mix, leaving the larger aggregate parti 
cles 15 behind until a large portion of the small aggre 
gate particles have been dispensed. . 
As is illustrated in FIG. 1, the present invention com 

prises a storage container or bin 25 that includes an up 
right cylindrical storage bin 26 and an approximately 
conical hopper 28 connected to the bottom of bin 26 
and which has a sloping side wall disposed at an angle 
of at least 65 degrees from the horizontal. 
Conveyor 29 includes a discharge conduit 30 that is 

of sufficient length and is of a diameter which functions 
to control the flow of asphalt mix falling from the deliv 
ery end of the conveyor to the storage bin, so that the 
mix falls approximately in a vertical direction and gen 
erally along the centerline of storage bin 26. The ar 
rangement is such that when the mass of mix begins to 
build up in the storage container 25, an apex or mound 
31 is formed and the pile of mix has a conical upper 
surface. As the larger particles 32 fall toward the apex 
of the pile of mix from the discharge 30 of the con 
veyor, the larger particles will tend to tumble and roll 
down the incline of the mass of the mix toward the wall 
of storage bin 26. In the meantime, the small particles 
34 will not tend to roll or tumble as easily as the larger 
particles and will tend to stay near the center of the 
mass of mix in storage bin 26. The result is that the 
largest size particles 32 will generally come to rest in a 
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4. 
circular arrangement and an annulus of larger particles 
is formed about the smaller sized particles 34 in storage 
bin 26. 
When the discharge chute 35 at the lower end of hop 

per 28 is opened by the removal of clam gates 37 to dis 
pense the mix from the storage container, the slope of 
the walls of the hopper inhibits a plug flow pattern or 
funnel flow pattern from being created in the mass of 
the mix and the mix will flow as a mass in a downward 
direction toward the lower end of cylindrical storage 
bin 26, and when the mix enters the conical hopper 28 
the outer circular portion of the mix which includes the 
larger aggregate particles will tend to move down the 
incline of the hopper and become remixed with and 
blended with the smaller aggregate particles near the 
center of the mass. Thus, conical hopper 28 becomes 
a mixing chamber to remix the previously segregated 
aggregate particles which were segregated generally in 
accordance with size. 
While FIG. 8 illustrates the prior art storage con 

tainer with a shallow hopper that creates a plug flow 
pattern in the mass of the mix, this phenomenon will be 
better understood if the hopper 12 of the prior art were 
envisioned as being a virtually horizontal bottom wall 
to storage bin 11. Obviously the opening of a small hole 
in a large bottom wall would cause a plug flow pattern 
in the mass of the mix being dispensed through the 
hole. When the slope of the bottom wall structure is in 
creased, the tendency of the plug flow pattern to form 
is reduced. However, when the difference in aggregate 
particle sizes of the mix is increased and the larger par 
ticles are arranged in an annulus along the sides of the 
cylindrical bin, the tendency of a plug flow pattern 
being created is increased. Thus, while a storage bin 
having a relatively shallow conical hopper of as little as 
45 incline might provide mass flow in an asphalt mix 
having its largest aggregate particles approximately 
one-fourth inch in diameter, when the larger aggregate 
particles are increased to approximately 2 inches, the 
shallow incline of the hopper is insufficient to remix the 
aggregate particles together and a plug flow pattern will 
appear. In practice, it has been found that it is neces 
sary to construct the side walls of the hopper 28 of the 
present invention at an incline of at least 65 from the 
horizontal in order to remix the segregated aggregate 
particles if the aggregate particles are as much as ap 
proximately 2 inches in diameter. When the aggregate 
particles exceed 2 inches in diameter, no plug flow pat 
terns have been detected in the bins having 65 hoppers 
and when the bins are loaded with the large particles 
arranged in an annulus adjacent the side walls of the 
bin. It is desirable to have the larger aggregate particles 
formed in a circular arrangement in the storage bin 26 
instead of being concentrated in one portion of the bin 
to assure that the larger aggregate particles moving 
down through the conical hopper feed inwardly from 
the periphery of the mass into the smaller aggregate 
particles at the center portion of the mass. If the larger 
aggregate particles are allowed to form in one vertical 
section of the storage bin as is illustrated in FIG, 7, a 
slight plug flow pattern is occasionally created in the 
mass of mix and segregation of the dispensed mix is oc 
casionally detected in spite of the steep incline of the 
hopper walls. 
While it is acceptable to store the mix in bin 25 with 

the larger particles segregated adjacent the sides of the 
bin since the particles are remixed in conical hopper 
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28, it is undesirable to receive the mix in the bed of the 
dump truck, etc., in a segregated pattern, as where the 
pile of mix is dispensed to the truck bed and the larger 
particles tend to roll down the incline of the pile of mix 
in the truck bed and settle at the side walls of the truck. 
When the bed of a truck is tilted to dump segregated 
mix, the mix usually falls in a segregated pattern on the 
ground. For instance, the larger particles adjacent the 
back wall of the truck bed will be dispensed from the 
truck first and the larger particles adjacent the front 
wall of the truck bed will be dispensed last while the 
larger particles at the side walls of the truck will be dis 
pensed at the sides of the pile of mix deposited on the 
ground. 
As is best illustrated in FIGS. 2 and 3, discharge 

chute 35 is connected to the lower portion of conical 
hopper 28 and forms a rectangular opening 36 at the 
lower end of the hopper. Trucks 40 or similar load car 
rying vehicles are able to pass beneath the elevated 
structure, and the support for the structure (not 
shown) is arranged to allow the truck to pass with its 
longitudinal axis extending normal to the long dimen 
sion of the rectangular opening 36 of the discharge 
chute 35. In the particular embodiment of the inven 
tion illustrated, discharge opening 36 is 1 foot wide and 
4 feet in length. The typical bed of a dump truck is ap 
proximately 8 feet wide and 15 feet long. Thus, the 
length of the discharge chute opening 36 which extends 
across the truck bed is approximately half the width of 
the truck bed. The cylindrical bin 26 of the particular 
disclosed embodiment has an 11 foot inside diameter, 
and the slope of the conical hopper 28 is 70°. As the 
mix moves down the conical hopper 28, the portions of 
the mix adjacent the side walls of the hopper which 
move into the ends of the discharge chute will not have 
to move in a lateral direction as far as the portions of 
the mix moving down the sides of the hopper toward 
the center portion of the opening 36. The result ap 
pears to be that the rectangular discharge opening 36 
further tends to inhibit a plug flow pattern from being 
formed in storage bin 25. 
As is illustrated in FIGS. 2, 4, 5 and 6, the dispensing 

of the mix from the discharge chute 35 in a rather thin 
but wide pattern causes the mix to be placed at the cen 
ter of the truck bed and also relatively close to the side 
walls 41 and 42 of the truck bed. As a result, the slope 
of a pile of mix formed in the truck bed is not as steep 
across the truck bed as it would be if the mix were dis 
charged from a discharge chute of round or square hor 
izontal cross section. Thus, when the larger particles of 
the mix fall onto a pile with a more shallow slope, they 
do not tend to roll and tumble as far as they would on 
a pile having a more steeply inclined surface. Further 
more, when the mix is dispensed near a vertical side 
wall, there is less distance for the mix to travel before 
it reaches a side wall and the larger and smaller parti 
cles tend to tumble about the same distance toward the 
side wall. The side walls of the truck bed therefore pre 
vents extensive lateral movement of the rolling or tum 
bling particles of mix and inhibit segregation of the 
larger and smaller particles. 
When the truck 40 is first placed below the storage 

bin 25, the driver positions the truck so that the front 
wall 43 of the truck bed is just forward of discharge 
chute 35, by approximately 2 feet or so. When the clam 
gates 37 are moved to open the rectangular opening 36 
of the discharge chute 35, the mix will be dispensed to 
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6 
the truck bed, and when the mix begins to form a pile 
with a sloped surface in the truck bed, the larger parti 
cles of mix will usually tend to roll down the slope of 
the pile; however, since the mix is dispensed adjacent 
the front wall 43 of the truck bed, front wall 43 will 
tend to catch the rolling and tumbling large particles of 
mix and prevent them from rolling a long distance 
toward the front of the truck, and since the rectangular 
discharge opening 36 has its long dimension extending 
across the centerline of the truck, side walls 41 and 42 
will catch the rolling large particles of mix which hap 
pen to roll down the incline of the pile toward the sides 
of the truck. Thus, the rolling of the larger particles of 
mix is restrained on three of four sides of the pile of mix 
in the truck and only the slope of the pile of mix ex 
tending toward the rear wall 44 of the truck bed allows 
the larger particles to roll and tumble down the incline 
of the pile. As the truck bed becomes full adjacent 
front wall 43, the driver moves the truck forwardly to 
reposition the discharge chute 35 of the bin 25 with re 
spect to the truck bed. As is illustrated in FIGS. 5 and 
6, the truck bed is progressively filled from its front 
toward its rear. As the truck moves in a forward direc 
tion, the mix piled in the front portion of the truck bed 
inhibits any rolling and tumbling of the larger mix parti 
cles toward the front wall 43 of the truck bed, while 
side walls 4 and 42 continue to restrain the lateral 
tumbling of the larger particles as previously described. 
In addition, new mix is dispensed to the truck over the 
portion of the pile sloped toward the rear wall 44 of the 
truck, and the new mix tends to trap a portion of the 
larger particles on the surface of the first pile by falling 
on the pile. There may be some accumulation of larger 
mix particles on the flat surface of the truck bed and 
possibly some accumulation of larger mix particles ad 
jacent the rear wall 44 of the truck bed; however, the 
body or mass of mix in the truck bed will be substan 
tially free of accumulation of larger mix particles in any 
isolated area of the truck bed, so that a generally uni 
form mixture of particle sizes will be present in the 
mass of mix in the truck. 
While this invention has been described in detail with 

particular reference to preferred embodiments thereof, 
it will be understood that variations and modifications 
can be effected within the spirit and scope of the inven 
tion as described hereinbefore and as defined in the ap 
pended claims. 

I claim: 
. A storage apparatus for asphaltic mix including ag 

gregate particles of various sizes and comprising a stor 
age container including an upper upright cylindrical 
storage bin and a lower approximately conical hopper 
connected to and converging inwardly from the sides of 
the lower portion of the cylindrical storage bin at an 
angle of at least 65° from the horizontal, support means 
supporting said storage container at an elevated posi 
tion above the ground surface or the like and defining 
a passageway beneath said lower conical hopper for the 
passage therebeneath of trucks or the like, a rectangu 
lar outlet opening defined in the lower portion of said 
conical hopper having its long dimension extending 
across the passageway beneath said conical hopper, 
and conveyor means extending above said storage bin 
to deliver the mix in a substantially vertical direction 
and substantially along the upright centerline of the 
storage bin. 
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simultaneously flowing the mix downwardly through 
the conical hopper in a range of angles generally 
between 65 and 90 from the horizontal and mix 
ing the aggregates of larger particle size from the 

8 
dispensing the mix from the hopper. 
3. A method of storing and dispensing an asphaltic 

mix including aggregates of varying particle size com 
prising flowing the asphaltic mix in a generally vertical 

outside and around the mass of mix with the rest of 5 direction to an upright cylindrical storage bin, 
the mix, 

dispensing the mix through a rectangular opening; 
and 

moving a receiving container with respect to the con 
ical hopper below the rectangular opening in a di 
rection normal to the long dimension of the rectan 

O 

gular opening to receive and spread the mix in the 
container. 

2. A method of storing and dispensing an asphaltic 
mix including aggregates of varying particle size com 
prising flowing the asphaltic mix in a generally vertical 
direction to an upright cylindrical storage bin, 

distributing the aggregate of larger particle size gen 
erally toward the outside and generally in a circular 
pattern around the mass of mix in the storage bin, 

flowing the mix generally as a mass in a downward 
direction in the storage bin to a conical hopper, 

simultaneously flowing the mix downwardly through 
the conical hopper in a range of angles generally 
between 65 and 90' from the horizontal and mix 
ing the aggregates of larger particle size from the 
outside and around the mass of mix with the rest of 
the mix, and 
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distributing the aggregate of larger particle size gen 
erally toward the outside and generally in a circular 
pattern around the mass of mix in the storage bin, 

flowing the mix generally as a mass in a downward 
direction in the storage bin to a conical hopper, 

simultaneously flowing the mix downwardly through 
the conical hopper in a range of angles generally 
between 65° and 90 from the horizontal and mix 
ing the aggregates of larger particle size from the 
outside and around the mass of mix with the rest of 
the mix, . 

dispensing the mix through a rectangular opening; 
and 

moving a receiving container with respect to the con 
ical hopper below the rectangular opening in a di 
rection normal to the long dimension of the rectan 
gular opening to receive and spread the mix in the 
container. - 

4. The method of claim 2 and further including the 
step of maintaining the level of the asphaltic mix above 
the conical hopper. 

sk ck ck :k ck 
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